It is well established that the medial temporal lobe (MTL), including the hippocampus, is essential for long-term memory. In addition, recent studies suggest that the MTL may also support visual working memory (VWM), but the conditions under which the MTL plays a critical role are not yet clear. To address this issue, we used a color change detection paradigm to examine the effects of MTL damage on VWM by analyzing the receiver operating characteristics of patients with MTL damage and healthy age-and education-matched controls. Compared to controls, patients with MTL damage demonstrated significant reductions in VWM accuracy. Importantly, the patients were not impaired at making accurate highconfidence judgments that a change had occurred; however, they were impaired when making lowconfidence responses indicating that they sensed whether or not there had been a visual change. Moreover, these impairments were observed under conditions that emphasized the retrieval of complex bindings or the retrieval of high-resolution bindings. That is, patients with MTL damage exhibited VWM impairments when they were required to remember either a larger number of low-resolution bindings (i.e., set size of 5 and obvious color changes) or a smaller number of high-resolution bindings (i.e., set size of 3 and subtle color changes). The results indicate that only some VWM processes are dependent on the MTL, and are consistent with the proposal that the MTL plays a critical role in forming complex, highresolution bindings.
a b s t r a c t
It is well established that the medial temporal lobe (MTL), including the hippocampus, is essential for long-term memory. In addition, recent studies suggest that the MTL may also support visual working memory (VWM), but the conditions under which the MTL plays a critical role are not yet clear. To address this issue, we used a color change detection paradigm to examine the effects of MTL damage on VWM by analyzing the receiver operating characteristics of patients with MTL damage and healthy age-and education-matched controls. Compared to controls, patients with MTL damage demonstrated significant reductions in VWM accuracy. Importantly, the patients were not impaired at making accurate highconfidence judgments that a change had occurred; however, they were impaired when making lowconfidence responses indicating that they sensed whether or not there had been a visual change. Moreover, these impairments were observed under conditions that emphasized the retrieval of complex bindings or the retrieval of high-resolution bindings. That is, patients with MTL damage exhibited VWM impairments when they were required to remember either a larger number of low-resolution bindings (i.e., set size of 5 and obvious color changes) or a smaller number of high-resolution bindings (i.e., set size of 3 and subtle color changes). The results indicate that only some VWM processes are dependent on the MTL, and are consistent with the proposal that the MTL plays a critical role in forming complex, highresolution bindings.
& 2016 Elsevier Ltd. All rights reserved.
Introduction
For over a half-century, it has been widely accepted that damage to the hippocampus and surrounding medial temporal lobe (MTL) structures (i.e., perirhinal, parahippocampal, and entorhinal cortices) results in severe long-term memory impairments (Scoville and Milner, 1957) . In contrast, whether MTL damage also causes deficits in short-term or working memory has been contentiously debated. Numerous studies have indicated that, in addition to its role in long-term memory, the MTL is critically involved in working memory as well as perception (Aly et al., 2013; Ezzyat and Olson, 2008; Lee and Rudebeck, 2010; Lee et al., 2012; Olson et al., 2006b; Pertzov et al., 2013; Yee et al., 2014) . However, other studies have found that patients with MTL damage are unimpaired on similar working memory tasks (Allen et al., 2014; Jeneson et al., 2010; Knutson et al., 2012; Shrager et al., 2006; Shrager et al., 2008) . Thus, the conditions under which the MTL is necessary for working memory are still poorly understood, fueling the debate about the specific cognitive processes that are supported by the MTL (Baxter, 2009; Graham et al., 2010; Jeneson and Squire, 2012; Konkel et al., 2008; Ranganath et al., 2014; Yonelinas, 2013) .
Early evidence that the MTL was critical for visual working memory (VWM) came from Olson et al. (2006a) , who assessed the VWM performance of amnesics with MTL lesions using a color change detection task (Luck and Vogel, 1997) . In the change detection task, participants are presented with two arrays of colored squares, separated by a short delay, and have to judge whether a designated square changes color between array presentations. Olson et al. (2006a) found that amnesics showed a VWM deficit compared to controls when they had to remember three colored squares after a delay of either 4 or 8 s. In a separate study using the same paradigm, Jeneson et al. (2012) found a similar patient impairment at delays of 3, 4, and 8 s; however, at a 1 s delay amnesics performed as well as controls for array sizes of up to six colored squares. Because patients were impaired only at delays longer than 1 s, Jeneson et al. (2012) concluded that the poorer patient performance at longer delays actually reflected a longterm memory deficit and that VWM is intact following MTL damage.
However, evidence from studies using a different VWM paradigm known as the color wheel task suggests that amnesics are, in 
